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Electrophysiologlcal Indices of CNS function in hemodialysis and
CAPD. Fourteen Center hemodialysis (CHD) patients, 13 continuous
ambulatory peritoneal dialysis (CAPD) patients, and 10 normals
matched by group for age and sex were compared using a battery of
evoked (EP) and event—related (ERP) brain potential measures to
determine the effects on central nervous system (CNS) functioning of
these two dialysis modes. While some differences were observed in
early brainstem EP waves, the majority of differences occurred in the
later waves associated with higher levels of cognitive processing. With
tasks involving easy discriminations, CHD patients had longer laten-
cies, indicative of less efficient cognitive processing, than CAPD
patients who resembled controls. With difficult tasks, both CHD and
CAPD groups showed abnormally—delayed later components. Similar
results were obtained for the amplitude of the middle latency Nl-P2
component, that is, reduced amplitudes for the CHD group with respect
to both CAPD and control groups under low task demand, while both
dialysis groups had reduced amplitudes under high task demand. These
results suggest that CAPD patients are more similar to normals than
CHD patients in ERP indices of attention and the efficiency of cognitive
processing.
Although there are consistent group differences in the meta-
bolic and physiologic status of stable chronic hemodialysis and
continuous ambulatory peritoneal dialysis (CAPD) patients,
morbidity and mortality rates of equivalent patients on these
two dialysis modalities appear to be similar [1—8]. Thus, con-
sideration of other aspects of functional outcome in HD and
CAPD patients may be important in making individual modality
choice decisions.
Neurobehavioral dysfunction associated with the clinical
uremic syndrome includes electrophysiological, clinical mental
status, and neuropsychological test performance abnormalities
[9—18]. Chronic hemodialysis only incompletely reverses ure-
mic neuropsychological and electrophysiological abnormalities
[11—18]. Although the evidence indicates that electrophysiolog-
ical function in chronic HD patients is most normal 24 hours
after the most recent dialysis [19, 20], only a few studies have
found that electrophysiological abnormalities in chronic HD
patients are correlated with BUN and serum creatinine levels
[17, 21—23].
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Event—related potentials (ERPs) represent the average EEG
waveform elicited by brief, discrete stimuli. They appear as a
predictable sequence of negative and positive waves extending
for several hundred milliseconds after stimulus onset. Previous
ERP studies in chronic HD patients have used simple stimuli,
such as flash presentation or the checkerboard reversal stimu-
lus, and none have utilized procedures requiring selective
attention, stimulus discrimination, and descision making on the
part of the subject. Procedures requiring such processing elicit
late waves in the ERP which are not observed in simpler
situations. A growing body of literature [24, 25, 26] indicates
that the later components vary in amplitude and latency with
cognitive operations such as selective attention, discrimination,
and decision making.
The N1-P2 complex, the first negative and second positive
wave of the ERP, (insert, Fig. 1), while present in response to
any visual or auditory stimulus, has been shown to increase in
amplitude with selective attention [25, 26]. The P3 wave is the
third positive wave in the ERP, peaking around 300 msec in
young adults (thus, it is also referred to as "P300"). The
presence or absence of P3 is related to the degree to which the
stimulus evoking the response is surprising and the extent to
which the subject attends and processes the stimulus [24, 27].
Changes in P3 latency have been shown to be associated with
changes in the speed of cognitive processing [28]. Its latency
has been shown to increase systematically with age from young
adulthood through the eighth decade [29, 30]. Moreover, P3
latency is abnormally delayed in conditions involving general-
ized cognitive impairment, that is, dementia [31—33]. Thus, the
use of tasks which elicit late waves can yield information
concerning central nervous system (CNS) function in higher
cognitive processes which would not be available with the use
of simpler tasks.
Previous studies comparing resting EEG and visual evoked
potentials in matched chronic RD and intermittent peritoneal
dialysis (IPD) patients found evidence suggesting that HD and
IPD may have differential efficacy in reversing uremic electro-
physiological abnormalities [21, 34]. In addition, one study of
patients who changed their dialysis modality from RD to CAPD
found they had improved cognitive function on CAPD, based
on neuropsychological test performance [35]. We are aware of
no previously published studies comparing the electrophysio-
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Fig. 1. Average P300 latency for CUD, CAPD and normal control groups for three d(ffr rent tasks. The left hand bar graph presents mean latency
values for the "oddball" task involving a simple tone discrimination, and the middle graph presents latencies for the more difficult vowel
discrimination. The right hand graph presents the latencies for the difficult vigilance task, the continuous performance task. The ordinate represents
peak P300 wave latency in milliseconds. Significance levels for group differences in P300 latency are indicated below, The insert (upper right) gives
a representative ERP from the "oddball" task with the major components identified.
Table 1. Matching criteria, underlying kidney disease, and current creatinine clearance for CAPD, CHD and normal subjects
Gender
Months since first ESRD Tx
Diabetes
Years of education
Underlying kidney disease, %
Polycystic kidney disease
Obstructive uropathy
Chronic glomerulonephritis
Hypertensive kidney disease
Diabetic nephropathy
Other
Creatinine clearance
Proportion <0.5cc/mm (Most recent
measure or clinical estimate)
Mean
SD
Proportion Male
Mean
SD
Proportion
Mean
SD
CAPD
(N= 13)
39.6
12.3
10/13
80.2
65.7
1/13
14.6
3.1
7.7
0
53.8
7.7
7.7
15.4
13/13
CHD
(N = 14)
41.8
12.0
11/14
67.6
48.8
1/14
14.8
1.7
0
14.3
57.2
7.1
0
14.3
Controls
(N 10)
43.0
15.3
7/10
NA
NA
Unknown
logical status of stable chronic HD and CAPD patients. This
study was undertaken, therefore, to provide preliminary infor-
mation about possible differences in electrophysiological re-
sponses and cognitive performance of chronic HD and CAPD
patients which might be attributable to treatment modality.
Methods
Subjects
Three groups of subjects were studied: CAPD(N 13), CHD
(N = 14), and normals (N 10). The dialysis patients were
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eligible for study if they were fluent in English and were 20 to 65
years old. All but one subject had been on some form of dialysis
for at least six months. Exclusionary criteria included chronic
psychosis, stroke syndrome or clinical evidence of dementia,
major hearing impairment, and major visual impairment—
inability to read large print with glasses. Dialysis groups were
matched by group for sex, age, interval since chronic dialysis
began (independent of modality), and presence of diabetes in
order to minimize the effect of these co-morbid factors on the
electrophysiological variables being examined. All subjects
were outpatients at the time of ERP studies. All chronic HD
patients were in—center RD patients.
Table 1 summarizes results for the three groups in terms of
age, sex, time since first treatment for ESRD, number with
diabetes, and years of education. Table 1 also summarizes the
type of underlying kidney disease and current creatinine clear-
ance for the CHD and CAPD groups. The three groups did not
differ in sex and age, and the two dialysis groups did not
significantly differ on the other three matching variables.
Experimental tasks
The present study utilized a battery of ERP measures de-
signed to assess a number of levels of CNS function from
conduction along afferent pathways to high—level cognitive
operations. Two measures assessed speed of afferent sensory
conduction. The first, the auditory brain—stem evoked response
(BSER) involved presentation of 2,000 clicks (50 msec square
wave) at a rapid rate (lO/sec) and an intensity of 50 db SL. Each
click generates a series of five surface positive waves appearing
in the first 7 msec following the stimulus, These waves are
known [36] to be associated with activity in successive neural
centers of the auditory pathway from the Vilith nerve (wave I)
to the inferior colliculus (wave V). The time between wave I
and wave V yields a measure of speed of conduction. The
second measure of sensory conduction is the P100 wave pro-
duced by rapid (2/see) reversal of a black and white checker-
board pattern. Two check sizes spanning 3 degrees, 0 minutes
and 0 degrees, 42 minutes of visual angle were used. The
latency of the P100 wave is a measure of speed of conduction
from retina to primary visual cortex.
Two measures of speed of cognitive processing were em-
ployed, both involving the auditory oddball task in which a
repeated stimulus is occasionally (20% of trials) and randomly
replaced by a different stimulus to which the subject must
attend and count. The first procedure utilized two tones of
different pitch and intensity (frequent: 70db SPL, 250Hz; rare:
84db SPL, 450Hz), representing an easy detection task. The
second procedure replaced the two tones with the vowels "oo"
and "ah" at the same intensity (75db SPL) representing a
somewhat more difficult discrimination. Both procedures elicit
a P3 wave to the rare, counted stimulus.
The last two procedures were measures of complex visual
information processing (the span of apprehension) and vigilance
(continuous performance task, CPT). The span of apprehension
involves detection of either of two target letters ("T" or "F")
embedded in 11 distractor letters randomly placed within a four
by four array. Either "T" or "F" (but not both) is present in
each array. The letter arrays are very briefly exposed (50 msec),
and preceded by a warning tone (500 msec prior). This task
elicits both a performance score and a series of ERP waves
including the P3.
The version of the continuous performance task used in this
study involved the brief (50 msec), rapid (every 1.0 sec)
presentation of randomly generated digits from 0 through 9 on
the center of a viewing screen. The subject's task was to attend
and press a button whenever, and only whenever, the same
digit appeared on two successive trials. On each trial from 0 to
8 random distractor digits appeared surrounding the central
target digit. The subject had to ignore the distractors and focus
attention on the central target digit. These distractor digits
forced the subject to attend selectively to the center of the
screen and added substantially to the difficulty of the task. Four
hundred CPT trials were given over a period of nearly seven
minutes. This task also elicited both a performance score and a
series of ERP waves.
Electrophysiological methods
Subjects were prepared for recording by affixing electrodes in
a midline array at frontal, central, parietal, and occipital sites.
Linked electrodes on both mastoids served as reference, and
the subject was grounded through an electrode on the earlobe.
Care was taken to achieve electrode impedance below 5
kilohms. The subject was then seated in a sound attenuating
recording chamber and the electrodes connected to amplifiers in
the adjoining room. For procedures using auditory stimuli, the
subject was fitted with earphones. Visual stimuli were pre-
sented on a computer monitor screen located directly in front of
the subject at eye level.
The EEG from the four recording electrodes was amplified
(l4,l4Ox) and filtered (0.1 to 50 Hz bandpass). For BSER
recordings, the amplification was increased (141 ,400x) and the
filter bandpass altered (300 to 3000 Hz). EEG was digitized (250
samples) for each recording channel during the time epoch of
interest following each stimulus (BSER, 10 msec; checker, 250
msec; oddball and CPT, 1 sec; and Span, 1.5 see). Responses
were averaged by the computer and stored on memory disks.
Each response was checked for artifact by the averaging
computer in relation to an amplitude criterion, and responses
exceeding this criterion were eliminated from the final average
waveforms. Averaged ERPs were then plotted and measure-
ments made of the latency and amplitude of each voltage peak.
The computer also provided cumulative behavioral data
(correct and incorrect responses) for the Span and CPT tasks.
ERP measures and behavioral scores thus obtained were ana-
lyzed using analysis of variance (with paired t-tests for group
contrasts), t-tests for the combined dialysis groups versus
normals, Pearson correlations, and stepwise discrirninant func-
tion analysis (SWDA).
Timing of studies
Subjects were studied between 10 a.m. and 2 p.m. CAPD
patients were usually studied on the same day as a regular clinic
visit. CHD patients were studied on a day following a regularly
scheduled and completed dialysis run, as closely as possible to
24 hours after the completion of the last dialysis (range 19 to 28
hours). Blood for all chemical analyses was obtained just prior
to beginning the electrophysiological studies.
Results
The findings of this study are summarized in Table 2. The first
three columns of this Table list mean and standard deviation
values of the ERP measures for the CAPD, CHD and Normal
Control groups, respectively. The results of a between—group
ANOVA are presented. For significant ANOVAs, pairwise
group comparisons are indicated in the right column (the results
of t-tests with correction for number of comparisons). These
give an indication of which groups differed from one another
and the direction of mean difference. The results of the specific
comparison of the combined dialysis groups with the normal
controls are presented in the text where relevant.
Measures of neural conduction
With respect to the BSER measures, the latency of wave I
was significantly delayed for both dialysis groups as compared
to normal controls. The mean latency of wave V for the CHD
group was delayed as compared to the CAPD and normal
control groups, although this difference did not reach signifi-
cance (P — 0.07). No significant difference between groups was
observed for the critical measure of conduction time, that is, the
latency from wave Ito wave V.
Similar negative findings were obtained for the visual—neural
conduction time measure (checkerboard reversal). Neither the
large nor the small check reversal EPs showed any significant
difference between groups in terms of the latency of the P1
wave. The differences in latency between waves generated by
reversal of large and small checks was also not significantly
different for either group comparison.
Speed of cognitive processing
For the simple tone detection, the mean Nl-P2 peak—to—peak
amplitude was reduced in the CHD group as compared to
CAPD patients, although this difference did not reach statistical
significance (P — 0.08). CAPD patients did not differ from the
normal controls.
The major ERP difference observed in the simple detection
task was in the latency of the P3 wave. The P3 was significantly
delayed in the CHD group as compared with the CAPD group,
indicating slowing in the speed of cognitive processing. Again,
CAPD and normal controls did not differ.
In the more complex vowel detection task, the P3 peak
amplitude was significantly larger in both dialysis groups than in
the normal controls. The larger P3 amplitudes, seen also but to
a lesser degree in the tone procedure, may reflect physiological
and biochemical effects directly related to the dialysis process,
rather than cognitive factors, per se, since a recent study 38]
showed a significant increase in P3 amplitude immediately
following, as compared to just prior to dialysis. P3 latency was
CAPD
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Table 2. Comparison of CAPD, CHD and normals on electrophysiological measures, means, standard deaviations, ANOVA and paired
comparisonsa
x sn
CHD
X SD X SD
Normal
Age 39.6 12.2 41.7 12.0 43.0 15.2
BSER I latency 1.8 0.36 1.9 0.33 1.3 0.36 HC > Nd
BSER V latency 5.6 031 5.9 0.60 5.5 0.53
BSER Diff(V 1) 3.7 0.44 4.0 0.57 4.2 0.56
Checker lat. (large) 106 13 109 11 110 11
Checker lat. (small) 111 19 112 10 117 9
Checker diff(lrg-sm) —6.8 9.9 —3.8 8.4 —6.7 4.0
Tone amp. (Nl-P2) 73.2 35.4 54.1 17.7 68.7 38.9
Tone amp. (P3) 56.2 32.0 50.1 20.7 45.5 25.8
Tone latency (NI) 91.4 17.5 95.7 11.9 99.8 18.9
Tone latency (P2) 163 25 175 17 179 30
Tone latency (N2) 216 37 227 44 225 29
Tone latency (P3) 308 33 341 40 311 30 H > NCC
Phoneme amp. (N1-P2) 45.2 23.0 42.1 12.6 50.6 26.4
Phoneme amp. (P3) 45.6 27.7 33.3 14.7 21.3 9.2 C > N'
Phoneme latency (Nl) 95 15 101 21 105 17
Phoneme latency (P2) 175 20 197 32 185 13
Phoneme latency (N2) 250 44 262 47 5 b
Phoneme latency (P3) 367 57 399 64 334 22
Span 3 performance 89.8 12.3 90.1 9.0 96.3 3.8
Span 3 aud. amp (N1-P2) 25.0 15.7 26.7 14.6 30.7 17.2
Span 3 vis. amp. (N1-P2) 24.5 13.8 17.9 12.3 30.9 14,8
Span 3 amp. (P3) 30.1 18.0 20.2 14.4 29.2 23.0
Cont. perf. task 70.8 20.4 54.1 34.2 70.2 25.8
CPT amp. (N1-P2) 18.3 6.6 19.5 11.3 28.1 12.4
CPT amp. (P450) 47.0 22.3 30.2 11.0 39.0 22.0
CPT latency (P3) 490 70 502 95
behavioral scores in percentages.
433 78
indicates the result of pairwiseRight columna Latencies given in msec amplitudes in arbitrary units,
comparisons: N=normal, C—CAPD and H—CHD.
b N2 waves not sufficiently clear to measure.
C p < 0.05
d P < 0.001
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significantly delayed for the hemodialysis group, as compared
with normal controls. Latency for the CAPD group fell midway
between the other two groups, but differences from either group
fell short of the 0.05 significant level (Fig. 1).
Complex information processing and vigilance
The Span of Apprehension task (Span) yielded no significant
differences between groups. Performance data indicate that
both of the dialysis groups performed at a slightly lower level
than controls. Similarly, while the mean performance level on
the vigilance task (CPT) for the CHD group was below that of
the other two groups, the within group variance was quite large
for all three groups and mean differences were not significant.
The mean peak—to--peak amplitude for the Nl-P2 components
elicited in both the Span (visual) and the CPT were smaller in
both dialysis groups than in the control group. Though consist-
ent across tasks, these group differences did not reach signifi-
cance (P < 0.08 and P < 0.07, respectively). However, when
the combined dialysis groups were compared with controls the
Nl-P2 amplitude for the CPT task was significantly greater for
the control group (P < 0.02).
Finally, with respect to the P3 component elicited in the CPT
task, the P3 latency for both dialysis groups was longer than
that for the normal controls. Though again not significant for the
three group ANOVA, the combined dialysis group was signifi-
cantly longer in latency than the normals (P < 0.04, Fig. I).
Latency of P3 component
If the latencies of the P3 components elicited in the two target
detection tasks and the CPT task are compared, a pattern
emerges which appears as an interaction between type of
dialysis and task difficulty (Fig. 1). Where task demand was low
(the tone detection task), patients on CHD treatment showed
significantly longer latencies indicative of slower cognitive
processing than those on CAPD or normals. With the vowel
detection task, representing an intermediate level of task de-
mand, mean latency for the CHD was significantly longer than
the normal group, while the CAPD group fell almost midway
between the other two groups. For the CPT, where task
demand was high, the combined dialysis group showed signifi-
cantly longer latencies of the P3 component than normal
controls.
Discriminant analysis
In order to determine which combination of ERP variables
best discriminated the groups, two stepwise discriminant func-
tion analyses (SWDA) were performed. The first was done on
CAPD versus CHD patients. A linear combination of five
variables most accurately classified the members of these two
groups. The most discriminative variable was the amplitude of
the P3 component from the CPT task. The second was the
latency of P3 in the tone discrimination task. The third was the
difference in latency of the checkerboard response for small and
large checks, and the fourth, the peak—to—peak amplitude of the
Nl-P2 components from the CPT. The last variable selected
was the latency of response to reversal of large checks. With
this combination of variables and using the conservative
jacknife classification procedure, SWDA correctly classified 12
of 13 (92%) CAPD patients and 11 of 14 (79%) CHD patients,
which was a classification accuracy significantly different from
chance (P < 0.001). The jacknife procedure provided an esti-
mate of the results which would occur when classifying a new
sample of subjects. Each subject was classified based on a
discriminant function calculated with that subject removed
from the data set.
The second SWDA was done on the combined dialysis group
versus the normal controls. SWDA selected only two variables:
wave I latency of the BSER and the peak—to-peak N1-P2 of the
CPT. Using the jacknife procedure, 22 of 27 renal patients
(82%) and six of 10 controls (60%) were correctly classified (P
<0.001).
Blood chemistry measures
Twelve serum chemistries were measured on the day of ERP
testing for 10 CAPD and 11 CHD subjects (predialysis values).
These included potassium, BUN, creatinine, hematocrit,
SGPT, alkaline phosphatase, total protein, albumin, triglycer-
ides, P04, and CO2 levels. The only significant group
mean differences observed for these chemistries were that
CAPD patients had higher creatinine levels (19.8 mg/dl vs. 12.8
mg/dl, P < 0.01), and lower potassium levels (4.4 mEqlliter vs
5.0 mEqfliter, P < 0.01) than CHD patients. The other chem-
istry values were within the ranges typically observed in
dialysis patients.
Correlations of ERP and blood chemistry
Intercorrelations between the 26 ERP values and the values
for BUN, serum creatinine, K, Ca, P04, and total dialysis
interval in months were assessed. There were no significant
correlations between BUN, creatinine, and PO4 levels and any
of the ERP values. Total dialysis interval was correlated with
three ERP values (large checker latency, r = 0.548, P < 0.01;
Tone N2 and P3 latency, r = —0.402 and r =
—0.403, P < 0.05).
Serum K was correlated with two ERP values (Phoneme N2
latency, r = 0.530, P < 0.01; and Phoneme P3 latency, r =
0.425, P < 0.05), and Ca with one ERP value (Phoneme
N1-P2 amplitude, r = 0.453,P < 0.05). These correlations could
have resulted from chance, although four of the six significant
correlations concern the latency of N2 or P3 which occur
together as an ERP wave complex, have been in these data
most sensitive to differences in modes of dialysis, and are
indices of cognitive speed [271. Given previous reports [17,
21—23], the absence of any significant correlations between
serum creatinine and BUN levels and any of the ERP measures
was notable.
Discussion
The findings of this study indicate a number of significant
differences between the ERPs of CAPD and CHD patients, and
between renal patients and normal controls. While some differ-
ences were observed in the latencies of the early BSER waves,
the majority of differences occurred in the later waves associ-
ated with higher levels of cognitive processing. With simpler
tasks involving relatively easy discriminations CHD patients
tended to have longer latency later components, indicative of
slower, less efficient cognitive processing, than CAPD patients
who resembled controls. With difficult tasks both CHD and
CAPD groups showed abnormally—delayed later components
with respect to normals.
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Although less striking, a similar pattern of results was ob-
tained for the amplitude of the peak—to—peak measure of Ni-P2.
That is, amplitudes were reduced for the CHD group with
respect to both CAPD and control groups under low task
demand, while both dialysis groups had reduced amplitudes in
comparison to controls with high task demand.
It is conceivable that these results are a function of chance or
represent sampling error. However, several factors suggest to
us that the findings obtained represent meaningful and reliable
differences between these groups. First, the differences, even
when not significant, are consistent between experiments. That
is, longer latencies and smaller amplitudes of ERP components
were observed in CHD patients as compared to CAPD patients,
and renal patients as a group, compared to normals. Second,
the accuracy of classification by SWDA for these same subject
groupings far exceeded chance. Finally, the major differences
between groups in ERP component latencies and amplitudes
were concentrated in those middle and late components, which
have been shown in many studies to vary as a function of
cognitive operations. That is, differences between groups are
not randomly distributed across measures, but are concentrated
in the ERP components which have been shown to he most
susceptible to variations in mental status [31—33]. For example,
the P3 latency which indexes cognitive speed (that is, the time
it takes to recognize a stimulus for what it is) has been shown to
increase with task difficulty. Where cognitive speed and effi-
ciency are impaired, as they are in dementia resulting from any
of a variety of causes, P3 latency is prolonged well beyond
normal limits [31—33].
With respect to P3 amplitude, CAPD patients had larger
waves than those on CHD in all four experimental tasks
eliciting the P3. A number of studies have shown diminished P3
amplitude when attention is reduced [241. In addition, P3
amplitude is small in individuals with impaired attention and
information processing, such as schizophrenics [371. However,
since there is some evidence that P3 amplitude varies as a
function of time since last dialysis in CHD patients [38], the
relationship of P3 amplitude and cognitive function may be
confounded in the present study by more direct effects of the
dialysis itself.
For those procedures eliciting the N1-P2 complex, the am-
plitude of this measure was generally reduced in both dialysis
groups as compared to normal controls. Studies by Hansen and
Hillyard [25] and Nataanen [26] have indicated that NI ampli-
tude varies as a function of selective attention, thus the Ni to an
attended stimulus is larger than that to a stimulus which is
ignored. The procedures used in this study were not specifically
designed to measure attention related effects (no ignore condi-
tions were used) so that caution is necessary in the interpreta-
tion of Ni amplitude differences. However, the most significant
differences between groups were in fact obtained in the CPT
task, which is specifically a vigilance task requiring sustained
selective attention to target simuli and ignoring of distractor
stimuli.
These findings are consistent with the previous literature that
chronic uremia is associated with CNS electrophysiological and
neurobehavioral abnormalities that are incompletely reversed
by chronic dialysis. Although there have been no previous
reports concerning the electrophysiological and neurobehav-
ioral status of CAPD as compared to CHD patients, the findings
are generally consistent with those of Roxe et al [21, 35], who
showed that matched IPD and HD patients demonstrate signif-
icant differences in electrophysiological status, although the
IPD patients had longer latencies and lower amplitudes on VEP
studies than did HD patients, In our study there were no
differences between CAPD and HD patients in VEP latencies or
amplitudes (responses to checkerboard stimuli). In complex
processing tasks requiring forcused attention and rapid cogni-
tive processing of stimuli, our CAPD subject group demon-
strated performance and electrophysiological responses more
like those of the normal controls than did the CHD subjects.
The lack of correlation between BUN, creatinine, and other
biochemical indices and these electrophysiological measures is
not entirely consistent with previous studies. However,
Teschan and colleagues have found that systematic alterations
in the HD regimen which result in changes in BUN and
crealinine levels are not always associated with electrophysio-
logical change [9]. Other studies have also indicated that the
relationship between BUN and creatinine levels and electro-
physiological function is complex and may be related to the
direction and rate of change in these values rather than to
absolute levels [201. In many studies the correlations between
BUN, creatinine, and electrophysiological responses have been
significant for some, but not all variables studied, and the
results across studies have not always been consistent. BUN
and creatinine levels are nonspecific indicators of renal failure
and may have a weak relationship to the pathophysiological
process which results in CNS dysfunction in uremia.
On the other hand, it is possible that "middle molecules",
parathyroid hormone (PTH), or other uremic toxins might
correlate better with uremic neurotoxicity [39—42]. Though not
measured in this study, middle molecule removal with CAPD is
three to 10 times greater than with hemodialysis, and might
explain in part the differences in electrophysiology observed.
PTH levels in most studies have not differed greatly in CAPD
and HD patients [43], although again such data is not available
for the patients in this study.
The timing of the studies in the HD subjects with respect to
the most recent dialysis (24 hours post-dialysis) was chosen to
measure optimal eleetrophysiological function in those sub-
jects, Thus it is unlikely that timing of the studies unfavorably
biased the results against the HD group. Although attempts
were made to ensure that all patients were stable clinically, and
that there were no acutely acting non-disease or treatment
modality related factors that would bias the study results, no
formal procedure for assessing clinical status at time of ERP
recording was utilized.
It is possible that CAPD and CHD have differing spectra of
efficacy in reversing the adverse electrophysiological and
neurobehavioral toxicity of uremia. Longitudinal electrophysi-
ological studies using procedures of the type discussed here in
relationship to modality of treatment may yield further insights
into the pathophysiology of the CNS consequences of uremia.
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